I n this study I review the literature on resource partitioningin fish assemblages from 1940-83. Studies are grouped into seven global habitats: tropical reefs, temperate reefs, coastal marine, the Antarctic, mesopelagic/slope environments and freshwater streams and lakes. Freshwater systems first attracted the interest of resource ecologists; however, the number of studies of assemblages in all global habitats has risen sharply in the last decade.
Studies treating single fish families show that resource partitioning occurs along more resource axes in more diverse assemblages. Unlike terrestrial systems, trophic separation is more important than habitat separation in fish assemblages. Based on 37 studies which concurrently examined habitat, food and temporal axes, 32% showed primary separation by habitat, 57% showed the greatest separation by food and 11% showed temporal separation to be most important. Global habitat differences in the importance of major resource axes are difficult to determine because of sampling bias; however, fish assemblages in most habitats show approximately equal importance of separation along spatial and trophic dimensions. The exceptions are marine systems, especially temperate marine reef assemblages which show greater importance of trophic separation. Global habitat differences in the amount of resource partitioning are not apparent, given the level of resolution of this study. Assemblages from all habitats show rather high separation of coexisting species along at least one resource dimension.
The degree of taxonomic relatedness varies significantly over assemblages from the seven major global habitats. Investigation of tropical reef fish assemblages and also stream fish assemblages, has focused on more closely related faunas than studies of assemblages from other habitats. The degree of relatedness has a significant effect on ecological separation for both congeneric-confamilial and confamilial-conordinal species pairs, with less related pairs showing greater differences in resource use. Comparisons of niche overlap between assemblages of different taxonomic structure will thus be biased by historical effects. Unlike habitat or trophic partitioning, temporal partitioning was significantly more important in less related species pairs so that temporal partitioning, at least to a major degree, may reflect historical effects, rather than coevolution within a particular community. Few studies have attempted to deal with most or all life history stages of species in an assemblage so that our knowledge of resource partitioning is biased toward late juvenile to adult stages. The inclusion of more life history stages, the control (or awareness) of biases due to historical effects or sampling design and a more experimental approach will be important components of future studies of resource partitioning.
T HE use of resources by organisms has a in the 1960's (Toft, 1985) . T h e primary goal major influence on population and com-of resource partitioning studies is to describe munity interactions, on the dynamics of re-the limits that interspecific competition places source availability and on the fate of resources on the number of species that may stably coexist in the ecosystem. As such, studies of species (MacArthur, 1965; Schoener, 1974a ; Roughresource requirements have been used in at-garden, 1976). Schoener (1974a) provided a tempts to understand factors controlling the synthesis of the literature on resource partidistribution and abundance of organisms. T h e tioning among metazoans. However, informaterm "resource partitioning," meaning how tion on aquatic organisms, especially fishes was species differ in resource use, was introduced limited. Sale (1979) , Werner (1979) and Fish-O 1986 by the American Society of Ichthyolog~sts and Herpetolog~sts SRP12060 ROSS-FISH RESOURCE PARTITIONING elson (1980) have since treated aspects of resource partitioning in fishes.
Herein I review the literature on resource partitioning in fish assemblages from 1940-83, to seek general patterns and test specific hypotheses concerning the relation of resource partitioning to community structure. I also consider the interplay between approaches used in the studies and the nature of the results. T h e papers I have included are primarily based on descriptive field studies. Relatively few include controlled field experiments (sensu Schoener, 1983 ) and most have not dealt in depth with mechanisms responsible for the patterns.
In this paper I consider resource partitioning to be any substantial difference in resource use between coexisting species, realizing that differences may be due to many factors, only one of which is competition. Multicausation of differential resource use is undoubtedly the rule, rather than the exception. T h e understanding of factors responsible for patterns in resource use and the role of resource partitioning in community structure have been hampered by emphasis on single factors (Hilborn and Stearns, 1982) .
Fishes are challenging subjects for studies of resource partitioning. Unlike most vertebrates, fishes exhibit indeterminate growth resulting in a complex size structure of many populations (Nilsson, 1955; Werner, 1977; Werner and Gilham, 1984) . Also, many fish assemblages, especially coastal ones, are temporally structured, using a given habitat for only part of the year or period of the life cycle. T h e nature of the aquatic habitat obviously also provides greater challenges for study than many terrestrial systems.
T o assess changes in the degree or type of resource partitioning across different global habitats I grouped the literature into seven broad categories: 1) lakes (including reservoirs); 2) streams; 3) coastal marine (including soft substratum systems such as marshes, grass beds, estuaries and shallow continental shelf areas); 4) temperate reefs (including the intertidal and kelp forests); 5) tropical reefs; 6) the deep sea (including mesopelagic to slope habitats); and 7) a regional category of the Antarctic. T h e latter was chosen because of the very high endemism of the area (Targett, 1981) . These groupings are of necessity a compromise between boundaries which are restrictive enough so that different environmental and biological mechanisms may be operative and broad enough so that sample sizes are not unreasonably small.
T o objectively compare studies and.rank the importance of resource dimensions I constructedkatrices of pairwise resource separation from each appropriate publication. I then tallied the number of separations and expressed these as the percent of species pairs segregating by a particular resource dimension (following Pianka, 1969 , the three general dimensions along which species may segregate are food, habitat and time). This approach is essentially that used by Schoener (1974a) and Toft (1985) . I scored each species pair on the basis of whether or not "substantial" differences occurred in resource use in the majority of habitats sampled, following the author's decisions in assessing the difference in resource use between species and the importance of overlap values (if calculated). If no criteria were given as to the meaning of the overlap values I considered species resource use to substantially differ if ovkrlap values (on a scale of 0-1.0) were <.40. In many instances studies provided data sets on reso6rce use of species without comparative analysis. If the data were appropriate, I computed an index of proportional overlap (Schoener, 1968) for each resource dimension.
This approach of ranking resource dimensions has disadvantages, but allows objective comparison of diverse studies. possible-shortcomings are: 1) only papers treating three or more species may be used; 2) the dynamics of ontogenetic, seasonal or spatial changes in resource use may be masked. If overlaps showed strong spatial or temporal patterns, I based decisions on minimum overlap values since these showed how species differ when resources might be limiting. Major ontogenetic shifts in feeding occur for many fishes (Ross, 1978; Livingston, 1982) . Where such shifts were judged by the author to be significant I treated each trophic unit individually in constructing the overlap matrix. Other problems which apply to resource partitioning studies in general are: 1) the difficulty of knowing whether individual resource states are orthogonal-because of this difficulty I included each resource dimension along which a species pair differed. 2) T h e wide differential in duration (the total time span, in months, covered by the study). T h e median duration was 12 months, ranging from 1-239 (Table 1). T h e actual number of months in which ' The number in parentheses is the percent of species pairs separated by a particular dimension. Numbers to the left of the parentheses are ranks and are given only to the major categories. T/L = separation on the basis of foraging technique or microlocation due to foraging technique; F:G:S = number of families, genera and species included in the pairwise comparisons. Duration indicates the number of months spanned by the study; the actual number of months in which field work was done is shown in parentheses if different from the duration. Taxa are listed by genus if N < 7. Abbreviations for non-food descriptions are: act. = temporal activity; elev. = elevation in the intertidal; feed. = temporal feeding activity; hab. = temporal habitat use; horiz. = horizontal separation; long. = longitudinal separation; rep. = timing of reproduction; size = size of water body; sub. = substratum; temp. = temperature; veg. = vegetation; vert. = vertical separation in the water column. Abbreviations for food items are: AL = algae; AMP = amphipods; BIN = benthic invertebrates; BRY = bryozoans; COP = copepods; CRST = crustaceans; DEC = decapod crustaceans; DET = detritus; Dl = diatoms; ECH = echinoderms; EUP = euphausids; FI = fishes; IN = insects; I S 0 = isopods; MYS = mysids; MOL = molluscs; OL1 = oligochaetes; OST= ostracods; PHY = phytoplankton; PLA = plant material; POL = polychaetes; TUN = tunicates; ZPL = zooplankton. field work occurred ranged from 1-60, with a median of nine. These differences in the ~e r i o d of study may affect the degree of apparent resource partitioning because there was a low correlation of the percent of species pairs showing substantial ecological differences with the number of months of field work (Spearman rank correlation, r, = .17; P < .05). 3) T h e unequal treatment of resource dimensions. Most studies focus on only several of potentially many resource states so that comparisons of the importance of various dimensions may be biased. 4) The effect of scale in characterizing resource use. For example, Greenfield and Greenfield (1982) showed fine-scale habitat partitioning of two Caribbean chaenopsids which co-occu;on the same coral heads. A study which considered entire coral heads as the basic habitat unit would have missed this difference. I have necessarily made subjective decisions about papers appropriate for inclusion. Resource partitioning studies generally deal with assemblages of closely related species or assemblages united by some common resource requirement. Studies of taxonomically or ecologically diverse assemblages become less germane to understanding the role of resource partitioning in shaping community structure as other interactions, such as predator-prey, may increase in importance. In this review I have been guided primarily by the author's stated purpose and have included studies which quantitatively evaluated differential resource use with the stated or implied goal of using the information to understand something of community structure. Papers were generally not included if resourceuse data were given in inventory fashion without quantitative comparative analysis, or if they lacked a meaningful biological basis for selecting the species t o be included (e.g., guild membership, taxonomic relationship, numerical dominance in the assemblage).
From 233 studies treating resource ecology of three or more fish species, 128 publications describing 1 16 fish assemblages were appropriate for determination of pairwise ranking of resource separation (Table 1) . Studies are arranged by major habitat and placed geographically in approximately a N-S then E-W progression. Trends in data presented in Table 1 (or in studies cited therein) were analyzed by non-parametric statistics following Siege1 (1 956), using the Statistical Package for the Social Sciences, Release 7.05 (Nie et al., 1975; Hull and Nie, 198 1) . The Spearman rank correlation was corrected for ties following Siege1 (1956) and ""i significance was determined by Siegel's large sample method using a two-tailed test (ns = P > .05).
Interest in resource ecology of fishes has risen sharply in the last decade, as evidenced by the ichthyological literature from 1940-83 ( Fig. 1) . Data.are f o r studies of three or more species which related directly or indirectly to resource partitioning. While this selection of (N = 233) does not include all possible published studies, it does represent the result of extensive bibliographic research in which I examined over 400 on resource ecology of fishes. Thus, while the absolute number of papers per year may be underestimated (especially for 1983), the pattern is no doubt real. For example, only 25% of the papers appeared before 1973, the cut-off date for studies included in Schoener (1974a) . T h e number of studies has increased exponentially (slope = .07/yr; r2 = .77); however, the rate of increase has lagged behind that for studies of resource partitioning in general. Schoener (1 974a) reported a rate of increase of .25/yr for 1959-72 (all metazoans). T h e differential still exists when the rate of increase of fish studies is based on papers from 1959-82 (slope = .lo). Studies on fish resource ecology have consequently increased at a rate much closer to the rate of increase for scientific papers overall (.05-.07/yr); de Solla Price (1963 ( , cited in Schoener, 1974a .
Different chronologies exist for the seven broad habitat categories (Fig. 2) . Studies of re- source ecology of freshwater fishes generally preceded marine studies, as shown by early synecological papers by Swynnerton and Worthington (1940) ; Burton and Odum (1945); Frost (1946) ; Hartley (1948) ; Northcote (1954); Campbell (1955); and Nilsson (1955) . However, tropical reefs and coastal marine habitats were first to show the major increase in number of studies characteristic of the 1970's and 1980's. Several areas, e.g., the deep sea and Antarctica, have only recently attracted major interest. All systems, however, show a sharp increase in the number of studies over the last 8-12 yr.
ASSEMBLAGE RICHNESS AND THE

NUMBER OF IMPORTANT DIMENSIONS
If resource partitioning is important in the organization of species assemblages, then species must ultimately segregate along more resource dimensions and/or show decreases in niche breadth, to maintain a minimum level of niche separation as the number of species in an assemblage increases (Schoener, 1974a) . If the null hypothesis of no change in the number of resource dimensions (or no decrease in niche breadth) as species numbers increase holds true, then the utility of resource partitioning in affecting community structure would seem limited. Unfortunately, it is difficult to test this hypothesis with the available data since most studies examine relatively few resource dimensions (range = 1-8). In addition, the number of species studied may be chosen in various ways, such as by taxonomic group, by guild or by species occupying a particular habitat, so that the number of species studied may be unrelated to actual assemblage or guild diversity. Thus, a first step is to test the relationship of the number of species studied to the number of species in the assemblage. I estimated the total number of fish species in a community from those studies which listed the total number of species collected in the community. I chose not to obtain estimates of assemblage diversity from regional faunal studies since these would likely overestimate diversity of a particular assemblage.
T h e number of species studied is not correlated (r, = .26; n.s.; N = 53) with the total number of species in the fish assemblage. Consequently, the use of all resource partitioning studies to test the above hypothesis would be invalid. Also, bias would occur if the number of studied dimensions increased with regional diversity, or the number of species studied (i.e., if ecologists anticipated more separation in diverse systems and thus looked at more resource axes). This, however, is not true, as there is no relationship between the number of resources studied and either the number of species studied (r, = -.08; n.s.; N = 116), or assemblage diversity (r, = .17; n.s.; N = 5 1).
Family level studies, however, may be more appropriate for examining the relationship between species number and the number of resource axes along which separation occurs. There is a significant correlation between the number of species studied and the total number of confamilial species in the assemblage (r, = .65; P < .001; N = 31). Such assemblages may also provide greater potential for biotic interaction than taxonomically less related ones.
I tested the hypothesis of a positive relationship between the number of important resource dimensions and the number of species in an assemblage in two ways, using only studies of single families. I considered a resource dimension to be important if there was a non-zero value for percent separation. In the more general approach I used all confamilial studies (X = 56) without controlling for possible bias resulting from the obvious influence of the number of studied resource dimensions affecting the number of dimensions that appear important. Not surprisingly, this approach failed to indicate a significant relationship (r, = .16; n.s.; onetailed test). When this bias is partially controlled by limiting the analysis only to papers in which at least one more dimension was studied than was found to be important (N = 22) there is a positive relationship between the number of important resource dimensions and the number of species (r, = .41; P < .01; one-tailed test).
While the generality of this result may be limited due to the reduced data set, because of a number of ties in the correlation analysis and the rather broad categories of resource axes, the test is likely conservative. T h e results support the view that resource partitioning occurs along more axes in diverse assemblages and that it may be important in the structuring of fish assemblages. Schoener (1974a) found for metazoans that habitat separation was more common than dietary separation, which was more common than temporal separation; a pattern also predicted on a short term basis by the compression hypothesis (MacArthur and Pianka, 1966; MacArthur and Wilson, 1967; Schoener, 1974b) . Numerous authors have since compared their findings with Schoener's (1 974a) hierarchy. Schoener (1974a) used both the percent of groups where the most important dimension fell into one of the three categories, as well as the percent of groups where each kind of dimension is known to have some importance in separating species. Using the first approach, his values for metazoans overall were 55% habitat, 40% food and 5% time. Fish assemblages, however, differ from this pattern. Using only studies (Table 1 ; N = 37) in which all three major resource axes were examined, food is by far the most common resource axis along which separation occurs, followed by spatial and temporal dimensions (Table 2A) . Because so few studies provided data on all three major dimensions I also examined the hierarchy of re-source axes by considering studies that looked at 2-3 of the major axes (N = 90). In this approach the number of assemblages separating primarily by one of the three dimensions was divided by the number of studies in which that resource dimension was examined; tied categories were both counted. T h e percent separation for each resource axis was then scaled so that all three summed to 100% (Table 2B) . T h e greater importance of trophic separation is again demontrated, as well as a ~ossible trend of increased importance of temporal separation compared to Schoener's (1974a) results.
I also evaluated the relative importance of spatial and trophic dimensions by determining for each assemblage the difference in the percent of species pairs separated by habitat and food dimensions. Data are from studies (Table  1) which concurrently evaluated both dimensions (N = 68). T h e null hypothesis of no difference in percent separation of species along spatial or trophic dimensions was tested with Wilcoxon's signed-rank test using a two-tailed test. T h e average percent of species pairs separated by spatial dimensions is 54%, compared to 64% for trophic dimensions (Table 3) . Significantly greater separation occurred along trophic compared to spatial dimensions, further supporting the tentative suggestion by Schoener (1974a) of the greater importance of trophic than habitat partitioning in aquatic communities. The data used in the above comparison also indicate the independence of separation along habitat and food dimensions for the 68 studies (r, = .07; n.s.). Schoener (1974a) suggested that the apparent difference in the importance of trophic partitioning between terrestrial and aquatic systems may result from lower habitat heterogeneity, less climatic variation and greate r resource mobility in aquatic systems. While these factors may be important, many aquatic habitats, e.g., kelp forests, coral reefs and lakes and streams with submerged or emergent vegetation, offer considerable habitat diversity. Such heterogeneity may be reduced in large lakes and in the open ocean, although the importance of temperature in providing "structure" in large water bodies has recently been demonstrated for lakes (Brandt et al., 1980) and various physical factors such as light and temperature are likely important environmental cues for open ocean fishes (Willis and Pearcy, 1982) . Increased resource mobility may be especially important since this mobility, for instance by drift A MOST IMPORTANT. = ranking based on the 37 studies which examined all three major resource dimensions; B = ranking based on the 90 studies which examined 2-3 major resource axes. The number of times a dimension was most important is shown over the number of times it was studied. The lower percent is scaled to sum to 100%.
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in streams, or ocean or lake currents, may allow aquatic predators to efficiently partition food resources while remaining in the same general habitat. Morphological specialization of trophic mechanisms in fishes is often pronounced (Keast and Webb, 1966; Emery, 1973; Liem, 1973; McKaye and Marsh, 1983) so that partitioning of prey through different capture or handling techniques may be greater than for many terrestrial organisms. In addition, habitats may be of limited duration, especially in many freshwater (Larkin, 1956) or coastal marine systems (Perkins, 1974) , limiting the potential for high levels of habitat specialization. Crowder et al. (1981) also observed that native fishes in the Great Lakes tended to segregate more along food dimensions, while exotic species differed more by habitat, leading them to suggest that trophic morphology and feeding behavior may be less flexible than habitat choice. Other possibilities for the increased importance of trophic partitioning in fish assemblages include various biases in the studies, such as greater subdivision of food than habitat dimensions, a fact which can have a major influence on overlap values (Colwell and Futuyma, 197 1) and the scale over which resources are studied. Werner (1977) argued that one effect of size structuring of fish assemblages would be to reduce the potential for separation, at least on the food size axis and thus increase the importance of habitat separation. That this prediction is not borne out by the available literature may be, in part, due to many studies not addressing the full age/size range of species in an assemblage. Die1 and seasonal temporal dimensions seem to be less important than trophic or spatial dimensions; being the primary mode of separa- tion in only 9% of the fish assemblages. T h e limited number of ways in which temporal use of resources may be subdivided, the rate of replenishment of resources and the balance of no benefit from a resource if it is not used for a time interval, vs at least some benefit if it is used, give theoretical support (Schoener 1974a, b) for the lesser importance of temporal dimensions (Jaksit, 1982) . Temporal separation may, however, be somewhat more important in aquatic than terrestrial systems (5% in primarily terrestrial metazoans vs 9% in fishes) because of the increased potential for resource renewal and the possible greater potential for temporal spacing of reproduction afforded by many aquatic environments, compared to terrestrial systems. This effect may be due to the decreased threat of dessiccation and the moderated thermal regime of aquatic habitats. Temporal spacing of the occurrence of larval fishes is well known (Amundrud et al., 1974; Floyd et al., 1984) possibly as a mechanism to reduce potential trophic competition in the critical period (May, 1974) following yolk sac absorption. Toft (1 985) also found that temporal separation was extremely important for amphibian larvae.
Studies of fish assemblages suggest that generalized differences may exist among the major aauatic habitats of the world with resDect to the resource axes along which species segregate. For instance, Mendelson (1 975) and Baker and Ross (1 98 1) suggested that habitat separation may be the major means of resource partitioning in freshwater fishes. Horn (1974) also argued that, due to the striking difference in the amount of space available for marine vs freshwater fishes, there is greater habitat partitioning among freshwater than marine fishes. There is strong support in the literature (Sale, 1974a (Sale, , 1978a Smith and Tyler, 1973; Bohnsack and Talbot, 1980; Robertson and Lassig, 1980 ) that habitat separation is more important than food separation in coral reef areas, although Sale (1 977) in a review of the tropical reef fish literature found it surprising that reef fishes did not show greater habitat than trophic partitioning, especially because of the evidence that they were more likely to compete for space. Ross (1977) found that habitat separation was most important for a group of demersal marine fishes. In contrast, Gascon and Leggett (1977) have argued that trophic separation is more important than habitat separation in freshwater fishes. Sampling bias presents a major problem in comparing the importance of the principal resource dimensions in different habitats. For instance, almost all studies of tropical reef fish assemblages have examined habitat segregation (including both macro-and micro-habitats) and have found habitat segregation to be important (Fig. 3) . Approximately half of the tropical reef studies have examined trophic resource dimensions and, of these, all have found food ~a r t itioning to be important. This would indicate that trophic separation may be more important in tropical reef fish assemblages than is currently thought, or that fewer studies found food separation important and negative results were not reported. Fewer studies of tropical reefs have looked at temporal dimensions (die1 time only) and most of these have shown die1 time to be an important axis along which separation occurs. Thus it is difficult to argue that one particular resource dimension is most important, since the distribution of important dimensions is virtually a mirror image of the frequen- 
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--4 (19) 1 (7) 1 (4) 3 (25) small nekton. Such food resources may show rapid renewal due to transport by water currents, making die1 separation in food use a viable approach to resource partitioning. Both marine zooplankton (Hobson and Chess, 1976; Robertson and Howard, 1978) and invertebrate drift in streams (Waters, 1962; Hynes, 1970) often show strong die1 changes in composition and abundance in the water column. Consequently, selective zooplankton predators experience periods of very low foraging profitability during the less active (or benthic) periods of their prey. T h e impact of predation in causing die1 changes in feeding activity of both fishes and zooplankton may also be especially important in these environments (Hobson, 1975; Robertson and Howard, 1978) so that any benefits that might accrue from feeding over broader time periods are outweighed by increased predation risks. T h e difference in studied resource dimensions between major habitats is to a large degree dictated by the sampling methodology appropriate for the various habitats. Visual observations predominate in tropical reef studies, and to a lesser extent in temperate reefs and in lakes (Table 4) . Vessel powered nets (trawls, dredges, plankton nets) are the only sampling devices used in mesopelagic/slope studies and predominate in Antarctic and coastal marine studies. Seines or gill nets predominate in stream and lake systems. Comparing sampling methods (Table 4) with the frequency distribution of studied resource dimensions (Fig. 3) , it is obvious that where visual observations predominate, spatial resource parameters are emphasized relative to other dimensions. Regions cy distribution of those studied. In contrast to coral reef systems, temperate reefs, the mesopelagic and slope region and freshwater systems all show much greater evenness in study emphasis on habitat and food dimensions. These regions also show rather similar importance in the major resource dimensions. Trophic dimensions in coastal marine and Antarctic assemblages have been studied most often and again show frequency distributions of important dimensions which are virtually mirror images of the frequency distribution of the dimensions studied. Time is less often studied than other major dimensions. However, in Antarctic, mesopelagic/slope and freshwater fish assemblages considerably more studies examined temporal dimensions than found them to be important, suggesting that temporal separation may be less common in these habitats.
Temporal separation appears to vary in different environments. Seasonal separation is well studied in coastal marine areas and is generally important, especially as temporal spacing of reproduction. Although less often studied in temperate reefs and lakes, it was important in all works which examined it. A difference in the timing of reproduction was the major means of seasonal separation. Such differences may reflect separation on food and/or habitat parameters. Diel separation, primarily in time of feeding, seems especially important in reef habitats and to a lesser extent in freshwater systems, occurring in approximately half of the freshwater studies which examined it. This pattern may be more common in habitats supporting structure-oriented fishes which tend to forage in restricted areas, primarily on zooplankton or where information comes primarily from the physical collection of fishes (coastal marine, mesopelagic/slope, Antarctic and streams) are characterized by increased emphasis on food dimensions, or approximately equal emphasis on spatial and trophic dimensions. These studies often place greater emphasis on macrohabitat rather than on microhabitat parameters. Studies of lakes and temperate reefs are more evenly balanced between observational and collecting approaches, and show more even emphasis on trophic and spatial dimensions, with greater attention to microhabitat, rather than macrohabitat parameters.
As an initial test for differences in the importance of major resource axes among habitats, I limited the analysis to assemblages represented by eight or more studies, which provided concurrent data on both habitat and food (Table 3) . I tested the null hypothesis of no difference in the percent of species pairs separated by spatial or trophic dimensions by the Wilcoxon signed-rank test (two-tailed comparison). Studies of marine assemblages overall indicate significantly greater importance of trophic than habitat separation, especially temperate reef systems (Table 3) . Other assemblages, including tropical reefs, coastal marine, streams and lakes do not show a significant difference in the importance of trophic and spatial dimensions.
Differences in major resource axes by global habitat types are thus strongly controlled by sampling methodology as dictated by the nature of the environment. Such bias makes generalizations drawn from the literature essentially meaningless if not controlled. Fish assemblages in most habitats show approximately equal importance of separation along spatial and trophic dimensions, with the exception of temperate reefs which show greater importance of trophic separation.
Currently there is debate among ecologists concerning mechanisms of community control and the prevalence of equilibria] (deterministic) vs non-equilibria] (stochastic) processes (Sale, 1977 (Sale, , 1978b Connell, 1978; Smith, 1978; Anderson et al., 1981; Grossman et al., 1982; Schlosser and Toth, 1984) . In communities showing strong equilibria] control the degree of niche specialization may be greater with concomitantly greater resource partitioning than if species populations are influenced primarily by chance processes. T h e degree of overlap is influenced also by the shape of the resource utilization function (Roughgarden, 1974) and the distribution and abundance of resources (Colwell and Futuyma, 197 1) .
T h e wide range of habitats occupied by fish assemblages suggests a potential for different mechanisms of community control to be operative, so that different degrees of resource partitioning, irrespective of the resource type, may characterize fish assemblages of these habitats. For instance, there are an estimated 21,723 species of fishes of which approximately 39% occur primarily in freshwater (Cohen, 1970; Nelson, 1984) . Horn (1 972) determined that there is about 7500 times more habitat available to marine than freshwater species and, considering only the marine shore and shelf species, there is still a twenty-fold difference. T h e volume of water per individual is estimated to be 10-10,000 times less for freshwater fishes. T h e disparity suggests that resource partitioning may be of greater importance in freshwater systems (i.e., resource limitation may have a greater probability of occurrence). Sale (1977) and Sale and Williams (1982) argued that many reef fishes do not show fine resource partitioning, in contrast to other types of communities (Anderson et al., 1981) . Also, there may be varied mechanisms of community control within similar marine habitats of different areas. Helfman (1978) suggested that the controversy over mechanisms of community control in tropical reef habitats might, in part, be caused by Caribbean reef fish assemblages being more deterministically controlled than Indo-Pacific fish assemblages. in his idea has recently been supported by Thresher (1982) who found that western Atlantic fish communities may be more nearly saturated with individuals and thuS more prone to competitive interactions than fish communities of western Pacific reefs, although experiments of Bohnsack and Talbot (1980) do not support this view.
As a crude initial approach to evaluating the null hypothesis of no difference in the magnitude of resource partitioning among the seven major global habitats, I used the percent of species pairs from each study that showed a minimum of one substantial difference on any resource axis. This underestimates the degree of resource partitioning since studies looking at more resource dimensions have the potential for finding greater separation. Given the limi-tation of this approach, the studies listed in Table 1 offer no basis for arguing that major differences in resource partitioning occur between habitats (Kruskal-Wallis test; x2 = 3.34; n.s.).
Mean values for percent of species pairs separated ranged from a low of 73% for coastal marine habitats, 77% for the Antarctic, 79% for streams, 80% for temperate reefs, 82% for tropical reefs and lakes, to 87% for mesopelagic/slope habitats. Thus, at the level of resolution afforded by this comparison, assemblages of all habitats show rather high separation -.
of ioexisting species along at least one resource dimension. It is perhaps unreasonable to expect habitatwide differences in resource partitioning to exist when the habitat categories used are broad u and intra-habitat variation in resource partitioning is high. For instance, the tropical reef category includes both Caribbean and Indo-Pacific studies and possible differences may exist in the control of these systems (Helfman, 1978) . T h e temperate reef category includes both subtidal as well as intertidal regions. Grossman (1982) presented evidence that fishes of rocky intertidal areas showed deteriministic traits and Yoshiyama (1980, 198 1 ) demonstrated fine scale resource partitioning and niche complementarity in habitat and food use for intertidal fishes. Thompson and Lehner (1976) also found high resilience and low faunal variability in rocky intertidal fishes. In contrast, Stephens and Zerba (1981) have argued that in a subtidal fish assemblage off California niche specialization has not contributed significantly to species packing and that the system shows considerable ch;?nge over time. 1n yet other subtidal, temperate reef studies Ebeling et al. (1980) found that persistence of major species was high over time and that levels of annual variability (Wolda, 1978) were com~arable with diverse communities in stable environments and Larson (1980) and Hixon (1980) demonstrated the importance of competition in causing resource partitioning of pairs of subtidal reef fishes. Thorman (1982) found that competition was apparently important in structuring the fish community of one Swedish estuary, but in another system with harsher environmental ~o n d i t i o n~a n d lower productivity, there was no evidence that food competition was important in structuring the assemblage. Matthews and Hill (1980) found little evidence of resource partitioning in the physically variable South Canadian River in Oklahoma and Ross et al, have shown that the fish assemblage of Brier Creek, Oklahoma, has changed significantly over approximately one decade, while a more physically benign stream in the Arkansas Ozarks did not show significant faunal change over the same period. Grossman et al. (1982) generalized that most stream fish assemblages were stochastically controlled and Schlosser and Toth (1984) suggested that interspecific competition may be relatively unimportant in structuring communities of temporally variable environments.
This sampling of studies shows the difficulty of formulating broad generalizations of community control. One pattern, however, which often appears is a decrease in importance of biotic interactions in structuring fish assemblages in harsher environments. Until more comparable data are available other generalizations concerning global habitat differences will remain tenuous at best. T h e interpretation of resource partitioning studies is further confounded by effects of taxonomic structure and by increased complexity due to intraspecific changes in resource use during ontogeny.
T h e influence of taxonomic structure is generallv overlooked in the inter~retation of resource partitioning data, although some authors, including Mendelson (1975) , Clarke (1977) , Keast (1978) and Schlosser and Toth (1984) have variously considered it. Fish assemblages of the seven global habitat groups vary significantly in both the number of species per genus and number of genera per family (Table  5) . Tropical reefs and streams show the greatest number of congeneric species, while temperate reef assemblages show the fewest. Studies of tropical reefs also show the greatest number of genera per family. Thus, investigations of tropical reef fish assemblages and to a lesser extent u stream fish assemblages, have focused on more closelv related faunas. both at the s~ecific and generic levels (for tropical reefs), compared to studies of temDerate reefs. the Antarctic or freshwater lakes.
If historical effects, as evidenced in this case by taxonomic structure, do not influence resource partitioning, then an appropriate null hypothesis would be that there are no differences in resource se~aration between s~ecies pairs of different levels of relatedness. T o test this hypothesis I selected studies which treated three or more species pairs in adjacent taxonomic ranks (e.g., congeneric, confamilial, conordinal) and determined the percent of species pairs of each taxonomic rank which showed a substantial difference on at least one resource dimension and on habitat, food and temporal dimensions (Table 6 ). Species pairs were categorized by the lowest shared taxonomic category. From these 52 studies I tested various pairwise comparisons relative to the null hypothesis of no difference in resource separation, or axis partitioned, as a function of taxonomic relatedness (Table 7) .
T h e degree of relatedness of species pairs has a significant effect on ecological separation for both congeneric-confamilial and confamilialconordinal comparisons, with less related pairs showing greater percent separation (Table 7) . Relatedness has no effect on ecological separation for comparisons between species pairs related at the ordinal-supraordinal (or higher) levels and is strongest for the comparison between congeneric and confamilial species. T h e data consequently indicate that comparisons of niche overlap between assemblages of different taxonomic structure will reflect, to an unknown degree, the level of relatedness of the component species. While coadaptation resulting in reduced niche overlap may be important, such comparisons may equally reflect the historical events of speciation and processes of assembly of communities. For example, the random assembly of a community from a species pool with a low species/genus ratio would produce more apparent partitioning than the random assembly from a species pool with a high species/ genus ratio. T h e critical question then is whether resource partitioning is instrumental in the recruitment of species to the community and in the maintenance of the community, or if it is simply a non-essential by-product of the taxonomic structure.
T h e type of resource along which species pairs differ does not appear to be influenced by the relatedness of the species pair, with the striking exception of temporal separation (Tables 6 and   7 ). Temporal separation was important in the segregation of congeneric species pairs in only 3 of 18 studies. Confamilial species pairs showed significantly greater temporal separation than congeneric pairs and conordinal pairs showed significantly greater temporal separation than confamilial pairs. Again there was no difference between conordinal-supraordinal (or higher) species pairs. Differences in the timing of feed- ing, particularly diurnal-nocturnal differences, or secondarily, major differences in the timing of reproduction or habitat use, may require greater morphological, physiological or ethological differentiation than normally occurs at the generic level. Various authors (Hobson, 1972 (Hobson, , 1975 Ebeling and Bray, 1976; Hobson et al., 198 1) have shown that differences in daynight activity of fishes often, but not always, break along family or ordinal lines, showing a strong ancestral effect. As a consequence, temporal partitioning, at least to a major degree, may reflect historical effects, rather than coevolution within a particular community. This is not to say, however, that such differences may be unimportant to community assembly and maintenance.
Fish assemblages are often strongly size structured so that a varietv of interactions. including n competition and predation, may potentially occur between different life history stages of species. T h e impact of body size on resource use of fishes has been well documented (Carr and Adams, 1973; Hobson and Chess, 1976; Ross, 1978; Grossman, 1980; Livingston, 1982) and Werner and Gilliam (1984) have reviewed the effect of age/size differences on community interactions of primarily lower vertebrates and invertebrates. Relatively few resource partitioning studies of fish assemblages, however, have atempted to incorporate age/size differences over more than the late juvenile to adult stages and virtually no studies have included all life history stages of the fish assemblage under consideration. An exception is Markle et al. (1982) who studied ontogenetic spatial and temporal Nelson, 1984) . N = number of species pairs; T o = percent of species pairs differing in use of at least one resource; H = percent of species pairs separated by habitat, F = percent of species pairs separated by food; T i = percent of species pairs separated by temporal dimensions. (Nagabhushanam, 1965; Pearcy and Ambler, 1974; Itzkowitz, 1977; Christensen, 1978) . However, Last (1978a, b) , Laroche (1982) and Govoni et al. (1983) all presented evidence of marked resource partitidning among larval forms. Markle et al. (1982) showed progressively greater temporal and spatial overlap in two Urophjcis species, but did not identify larvae under 18mm to s~ecies. Kane (1984) has shown that cod and haddock larvae initially partitioned food resources during the period immediately following yolk sac absorption. T h e amount of overlap increased, however, by the time the larvae reached 6 mm. Crecco and Blake (1983) also found that first-feeding American shad and blueback herring larvae had lower food overlap than later larval stages. Density dependent mechanisms may be important among recently hatched larvae when population sizes are largest (Cushing, 1974) . This, along with the lowered feeding success of first-feeding larvae, may select fo; greater resource separation among early-stage larvae of co-occurring species (Crecco and Blake, 1983) . As the population of an age class declines with time, density dependent interactions may decline as well (Cushing, 1974) , so that there is perhaps less of a fitness penalty for resource overlap of older larvae and juveniles. Resource segregation may again increase in importance as fishes attempt to meet evergy demands of maturity. Helfman (1978) suggested that competitive or anti-predator mechanisms may be more common in larvae of lake and continental shoreline species, where suitable larval habitats are more continuous (than in reef habitats). T h e above studies showing larval resource partitioning are consistent with this idea, if resource partitioning is viewed as evidence of competition. Sale and Dybdahl (1975) have shown high spatial overlap of newly settled pomacentrids in a tropical reef environment. Sale (1974a Sale ( , 1975 found that essentially all suitable juvenile and adult habitats were occupied at Heron Island, in the Great Barrier Reef and that anv vacant mace was rapidly re-occupied. However, the lottery hypothesis (Sale, 1977 (Sale, , 1978a requires that n&vly settled juveniles be able to hold an area once they have recruited to it. Thus, while resource oLerlap is high, interference competition for space may be important. Larson (1980) found that newly settled rockfish (Sebastes carnatus and S. chrjsomelas) showed habitat segregation similar to adults, in apparent contradiction to Helfman's suggestion. However, adult rockfish do not exclude newly settled juveniles from their territories, while tropical reef dwelling pomacentrids (Sale, 1974a (Sale, , 1976 Sale et al., 1980) show aggressive behavior toward juveniles, especially juvenile conspecifics. (The extent to which adults effectively excludejuveniles may vary as Doherty [I9821 found that resident Pomacentrus wardi were unable to prevent other pomacentrid larvae from colonizing their territories, perhaps because of recruits being able to occupy small spatial refuges.) T h e effect may be much greater habitat availability for young rockfish, compared to pomacentrids, allowing habitat selection by young fish to be a viable tactic in community organization of temperate reefs.
Differential resource use has been widely documented in diverse fish assemblages, with generally high levels of ecological separation between the majority of species. Such differences may be due to varying tolerances to physicalchemical variables, environmental change and uncertainty, local spatio-temporal resource availability, predation risks and competition. Causation for differences in resource use has generally not been determined, especially for assemblages of three or more species.
Inference of underlying mechanisms is obfuscated in descriptive studies of resource partitioning, in part through problems of interpreting overlap values (Colwell and Futuyma, 197 1; Sale, 1974b) . Descriptive studies of resource partitioning come closest to demonstrating competition when documenting niche shifts under varying resource levels. For instance, Zaret and Rand (1971) and Greenfield et al. (1983) showed reduced niche overlap of Central American stream fishes during the dry season, when food was presumed limi;ing; asc con and Leggett (1977) demonstrated reduced niche overlap in less productive than in more productive areas of a lake with a strong nutrient gradient; Nilsson (1955) showed less niche overlap between trout and char during periods of low food abuundance; Harrington and Harrington (1961) presented data which showed high overlap of salt marsh fishes during high food abundance and segregation by diet during periods of lower food abundance; and Thorman (1982) showed increased dietary segregation of estuarine fishes during a period of declining food abundance. T h e occurrence of strong niche complementarity also can suggest the importance of competition. Ross (1977) showed that searobins with high habitat overlap tended to differ in prey size; Yoshiyama (1980) showed strong complementarity in habitat and food use for two of three intertidal cottids and argued that the complementarity and resource partitioning suggested the importance of competition in shaping the pattern of resource use. Baker and Ross (1981) showed that stream fishes with high spatial overlap differed in time of feeding.
T h e general consensus of most recent studies is that the best approach to understanding resource partitioning and its importance to community structure lies in manipulative field experiments (Colwell and Fuentes, 1975; Connell, 1975; Werner, 1979 : Sale, 1979 Williams. 1980; Crowder et al., 198 1; Yoshiyama, 198 1) . Studies incorporating both descriptive field observations and field and laboratory work on fishes are becoming increasingly common (Sale and Dybdahl, 1975; Werner and Hall, 1976, 1977; Molles, 1978; Bohnsack and Talbot, 1980; Hixon, 1980; Larson, 1980; Edlund and Magnhagen, 1981; Baltz et al., 1982; Magnhagen and Wiederholm, 1982; Schlosser and Toth, 1984) . Many of these studies indicate that biotic interactions, such as competition (often interference competition), are important in causing the observed patterns, but are by no means the only causative factors. For instance, Baltz et al. (1982) showed that sculpin (Cottus gulosus) were able to exclude speckled dace (Rhinichth~s osculus) from referred microhabitats. but that dace could 1 tolerate warmer temperatures than sculpin, thus obtaining a refugium from competition in warmer stream sections. Hixon (1980) , demonstrated that surfperch congeners (Embiotoca) actively compete in sympatri, with E. lateralis excluding E, jacksoni from productive, shallow reef zones. E. jacksoni finds a competitive refugium in deeper, less productive reef areas. T h e extension of E. lateralis into other reef areas occupied by E. jacksoni is apparently limited by higher water temperature, so that the superior competitor is limited more by unfavorable physical factors than by competitive interactions. These studies, as well as Larson (1980) support the observation by Colwell and Fuentes (1975) that when interference competition occurred between a generalist and a specialist, it was the specialist that successfully interfered with the generalist. Larson (1980) points out, however, that the interaction may n i t be totally one-sided.
Resource partitioning has provided a useful conceptual framework for collecting and assessing data on fish assemblages. some important roles of resource partitioning studies are to: 1) provide an understanding of species interactions in a community; 2) identify major resource dimensions along which species seg-regate; 3) provide the requisite background for generating testable hypotheses concerning the roles of equilibrium or non-equilibrium factors in community control. Resource partitioning studies serve an important practical need in providing information on habitat requirements of fishes. Should additional studies of resource partitioning be encouraged? I feel the answer is a definite yes, with the qualification that such studies attempt to deal with problems of sampling bias, effects of taxonomic structure (e.g., historical effects), temporal and spatial variability and a more complete representation of life history stages. Importantly, documentation of patterns of resource partitioning in a community should only be the initial step, albeit a major one, in the study of the structure and function of fish assemblages. T h e subsequent challenge is to address the mechanisms responsible for the patterns through carefully designed and executed field and laboratory experiments. This paper is based on a keynote address given at the 1982 ASIH meeting. I am indebted to D. W. Greenfield for suggesting that I undertake this review and for his continual encouragement during the course of the study. I am also indebted in numerous ways to W. J.
Matthews who has provided valuable criticism, support and advice throughout the development of this DaDer and who has since criticallv 1 1 reviewed the final text. This paper also benefitted greatly from my numerous discussions with F. R. Moore and the critical comments of A. Ebeling. ~u r r n g the development of this paper I was supported by grants from the National Science Foundation (SPI-8 165 1 12), the University of Oklahoma (summer faculty fellowship) and a sabbatical leave award from the university of Southern Mississippi. T h e support of these institutions/agencie; is most appreciated. I wish to thank L. G. Hill, Director of the University of Oklahoma Biological Station, for his helpfulness during my stay at UOBS. Finally, as always, I am grateful to Y. Ross for her patience and support during this project and for her helpful editorial comments.
In December 1982, widespread, physically catastrophic flooding occurred in the Ozark Mountains of northern Arkansas. In the Piney Creek watershed (Izard County), flooding resulted in an immediate change in rank order abundance of numerically dominant fishes and moderate alteration in composition of the entire fauna. At badly scoured locations, local assemblages of fishes were markedly altered. These changes in the fish fauna of Piney Creek exceeded seasonal changes in the fishes that were found in an earlier, non-flood year. The Piney Creek fish fauna showed rapid recovery from the flood, however, and by August 1983, eight months later, the total fish fauna and the local fish assemblages closely resembled those of August 1982, before the flood. Comprehensive sampling of the watershed in 1972, 1973, 1981 (in part), 1982 and 1983 suggests that the fish fauna was stable (via elasticity) and persistent across years, seasons and a drastic flood. F LOODS pique our curiosity: they seem like-can alter fish populations (Hoopes, 1975; Rinne, ly to affect fishes and fish assemblages but 1975; Collins et al., 1981) or community strucopportunities to quantify effects with pre-and ture (Harrell, 1978; Grossman et al., 1982 and post-flood data are infrequent. Erosive floods references therein; Power et al., 1985) . How-
